INTRODUCTION
============

Over the past several decades, developments in medicine and increasing age of the population have led to many changes in the characteristics and mortality rates of patients admitted to the intensive care unit (ICU) \[[@b1-acc-2018-00164]\]. The Korean population is aging rapidly, and the average life expectancy of Korean women born in 2030 is predicted to exceed 90 years \[[@b2-acc-2018-00164]\]. These changes are likely to bring about further rapid aging and changes in the characteristics of patients admitted in ICUs in the Republic of Korea. In ICUs, treatment is highly intensive; consequently, the costs and mortality rates are also high \[[@b3-acc-2018-00164],[@b4-acc-2018-00164]\]. The rates of ICU use are increasing; thus, the costs are also growing \[[@b5-acc-2018-00164]-[@b7-acc-2018-00164]\]. Therefore, there has been continuous interest in the consequences of changes in characteristics and mortality rates of ICU patients.

It is difficult to evaluate nationwide changes in ICU admissions due to variations in factors such as hospital volume and location and number of beds. A National Health Insurance Cohort sample has been established in the Republic of Korea comprising approximately 1 million people (2.2% of the total population), which can be considered representative of the general population \[[@b8-acc-2018-00164]\]. Data from large cohorts on the characteristics and mortality rates of ICU admissions are available and is important for predicting changes in such characteristics \[[@b9-acc-2018-00164],[@b10-acc-2018-00164]\].

This study used a nationwide cohort study, the National Health Insurance Service-National Sample Cohort (NHIS-NSC), to analyze the changes in characteristics of ICU patients and changes in mortality rate according to the factors of interest over the past 8 years. These data will be important to prepare for future trends in critical care needs in the ICU.

MATERIALS AND METHODS
=====================

Cohort and Patients
-------------------

Korea has a single-payer national health system. The Korean National Health Insurance covers approximately 97% of the population in the Republic of Korea. We used the South Korean NHIS-NSC, which is a population-based cohort. A representative sample of about 1 million people, comprising 2.2% of the entire Korean population of 2002, was selected using systematic stratified random sampling, with proportional allocation to each stratum. All patients were followed up to 2013, unless they died or left the country. Loss of subjects due to death or emigration was compensated for by adding newborn data annually. Thus, the size of the cohort was maintained at 1 million up to 2013. The data include eligibility and demographic information, as well as medical treatments, prescriptions, and general health examination results \[[@b8-acc-2018-00164]\].

Patients and Study Design
-------------------------

From the NHIS-NSC database containing data on 1,097,321 subscribers for the period of 2002--2010, the study population consisted of all patients \>20 years old admitted to an ICU of a hospital with more than 300 beds and who were covered by the Korean National Health System between January 1, 2003 and December 31, 2010. In order to calculate 3-year mortality, subscribers of the NHIS-NSC between 2011 and 2013 were excluded. For calculation of the Charlson Comorbidity Index (CCI), patients admitted to the ICU in 2002 were excluded (n=1,888). The final number of ICU patients of interest during the study period was 25,400 ([Figure 1](#f1-acc-2018-00164){ref-type="fig"}). Factors of interest were sex, age, household income, CCI, hospital size, and reasons for admission, which have been studied in other ICU studies \[[@b11-acc-2018-00164]-[@b14-acc-2018-00164]\]. Household income in the NHIS-NCS was classified into deciles; in a further analysis, household income was divided into tertiles (low, deciles 0--4; middle, deciles 5--8; high, deciles 9--10). CCI was calculated according to main diagnosis and sub-diagnosis code during 1 year before the first day of ICU fee request according to the Korean Standard Classification of Diseases (KCD) codes of 17 diseases ([Supplementary Table 1](#SD1-acc-2018-00164){ref-type="supplementary-material"}) \[[@b15-acc-2018-00164]\]. Hospitals with ICUs were categorized into size tertiles (i.e., according to number of beds: 300--499, 500--803, \>803). Reasons for admission were classified into eight categories according to KCD-6 ([Supplementary Table 2](#SD2-acc-2018-00164){ref-type="supplementary-material"}), a modified version of the International Classification of Diseases, 10th revision. The study was reviewed by the Institutional Review Board of Kangwon National University Hospital (IRB No. KNUH-2018-01-001).

Statistical Analysis
--------------------

The basic characteristics of the patients in this study were summarized as percentages and proportions, and the linear trends of the proportions of each category were tested by simple linear regressions. The crude mortality rate was calculated as the percentage of deaths of ICU patients admitted in each year for different follow-up periods since the first ICU admission, and the linear trends were examined using the Cochran-Armitage trend test. The chi-square test was performed for 90-day, 1-year, and 3-year mortality rates for each factor to compare differences in mortality according to factors. Cox proportional hazard regression was used to calculate adjusted hazard ratios (HRs) according to admission year to the ICU to determine whether the mortality of ICU patients showed an increasing or decreasing trend over years after adjusting for risk factors of interest. Patients who were alive or had dropped out by the end of the 3-year follow-up period were right-censored. Forest plots were constructed using adjusted HRs and their 95% confidence intervals in Cox models and stratified Cox models by admission reason. Statistical analyses were performed using SAS software version 9.4 (SAS Institute, Cary, NC, USA).

RESULTS
=======

Temporal Trends in Patient Characteristics
------------------------------------------

During the 8-year period from 2003 to 2010, the number of applicable ICU admissions in Korea was 25,400. The proportion of males was higher than females in every year, by 9% to 20%. The proportion of patients aged ≥70 years increased over the study period, as did the average age (by 3.6 years). According to household income data, the proportion of patients from middle class households admitted to the ICU decreased over the study period. The proportion of patients with CCI ≥2 increased, as did the proportion of patients admitted to the ICU via the emergency room. The proportion of patients admitted with trauma and poisoning increased over the study period, while the proportions of those admitted with gastrointestinal and liver diseases and with endocrinological diseases including diabetes decreased. However, there were no changes in the proportions of ICU admissions due to infectious diseases, cardiovascular diseases, respiratory diseases, or cancer over the study period ([Table 1](#t1-acc-2018-00164){ref-type="table"}, [Supplementary Table 3](#SD3-acc-2018-00164){ref-type="supplementary-material"}).

Hazard Ratio of Mortality
-------------------------

During the 8-year study period, the 90-day mortality rate was 16.71%--18.93%, the 1-year mortality rate was 24.48%--26.54%, and the 3-year mortality rate was 32.91%--35.83% ([Table 2](#t2-acc-2018-00164){ref-type="table"}). The 3-year mortality rate was higher in males, older subjects, those with a lower household income and higher CCI score, those admitted to a hospital with a smaller number of beds, and those admitted via the emergency room. Regarding the reasons for admission, mortality rate were higher in cases of infectious disease, cancer, and respiratory disease ([Table 3](#t3-acc-2018-00164){ref-type="table"}). There was no significant difference among 90-day, 1-year mortality, and 3-year mortality. Significant risk factors for mortality within 3 years after ICU admission were male sex (adjusted HR, 1.24; 95% CI, 1.19 to 1.30), age ≥80 years (adjusted HR, 7.35; 95% CI, 5.84 to 9.25), lower household income (adjusted HR, 1.20; 95% CI, 1.14 to 1.27), CCI ≥3 (adjusted HR, 2.16; 95% CI, 1.98 to 2.36), admitted to a hospital with a small number of beds (adjusted HR, 1.25; 95% CI, 1.18 to 1.33), admission via the emergency room (adjusted HR, 1.56; 95% CI, 1.49 to 1.63), respiratory disease (adjusted HR, 2.56; 95% CI, 2.17 to 3.01), cancer (adjusted HR, 2.68; 95% CI, 2.29 to 3.13), and infectious disease (adjusted HR, 2.96; 95% CI, 2.49 to 3.52) ([Table 4](#t4-acc-2018-00164){ref-type="table"}, [Figure 2](#f2-acc-2018-00164){ref-type="fig"}). These findings showed no difference in 90-day and 1-year mortality analyses except that adjusted HRs were higher for sex, age, and CCI as the duration after ICU admission increased.

Temporal Trend of Mortality
---------------------------

During the 8-year study period, the 3-year mortality rate was 32.91%--35.83%, and there was no significant temporal trend ([Table 2](#t2-acc-2018-00164){ref-type="table"}); however, adjusted HRs showed a decrease. Compared with 2003, the HR has continued to decline significantly since 2007, achieving a value of 0.82 (95% CI, 0.76 to 0.90) in 2010 ([Table 4](#t4-acc-2018-00164){ref-type="table"}). In an analysis stratified according to reason for ICU admission, only cardiovascular disease showed a decreasing trend from 2003 onward, with the lowest HR being 0.66 (95% CI, 0.57 to 0.77) in 2010. There was no decrease in HR for any other disease, including cancer and respiratory disease ([Figure 3](#f3-acc-2018-00164){ref-type="fig"}).

DISCUSSION
==========

By reference to the data of a nationwide population-based cohort study, we examined changes in the characteristics and long-term survival rates of patients admitted to an ICU between 2003 and 2010. Patient age, CCI, rate of admission via the emergency room, and rate of admission to hospitals with a small number of beds all increased over the study period. There was a decreasing temporal trend in the HR of long-term mortality because of a reduction in mortality associated with cardiovascular disease.

An increase in average age of patients admitted to an ICU has been reported in several studies performed in developed countries \[[@b16-acc-2018-00164]\]. In our study, the proportion of patients ≥70 years old increased over the study period, and the average age increased (by 3.6 years). In the future in the Republic of Korea, which is expected to have the most aged society in the world by 2030, patients admitted to the ICU are more likely to be of advanced age, and the proportion of patients ≥80 years old is likely to increase \[[@b2-acc-2018-00164]\]. Therefore, it is necessary to prepare for the aging of patients admitted to the ICU. In particular, patients ≥80 years old showed a prominent increase in mortality rate in this study. This is an important result confirmed by the national cohort data. We should consider once more whether ICU admission is helpful for long-term survival in old age. Discussion about advance directives and patient's decisions on life-sustaining treatment are increasingly necessary.

Differences in the proportions of ICU admissions by household income level were not marked. But, the adjusted risk of mortality was 1.2-fold higher in the lowest tertile versus the highest tertile. These findings agree with those of previous studies \[[@b13-acc-2018-00164],[@b17-acc-2018-00164],[@b18-acc-2018-00164]\]. The adjusted HR of mortality at 90 days, 1-year, and 3-years was 1.2 ([Table 4](#t4-acc-2018-00164){ref-type="table"}). It is important that both short-term and long-term care is affected by household income level with regard to mortality rate. This result implies that the physician needs to consider household income in treating critical illness and may consider a policy to reduce this difference.

The CCI has increased in patients admitted to the ICU. The HR of long-term mortality was also higher with a higher CCI. A number of physiological illness severity scoring systems have been developed in observational studies of ICU outcomes, such as the Simplified Acute Physiology Score (SAPS) \[[@b19-acc-2018-00164]\], the Acute Physiology and Chronic Health Evaluation (APACHE) \[[@b20-acc-2018-00164]\], and the Mortality Probability Model (MPM) \[[@b21-acc-2018-00164]\]. However, the complexity and time constraints associated with these scoring systems limit their use in large population-based databases. Comorbidity has been shown to be an important determinant of ICU outcome \[[@b22-acc-2018-00164],[@b23-acc-2018-00164]\]. Considering CCI in the patients admitted to an ICU will be helpful for predicting the long-term survival rate. In future study of ICU admission in association with mortality, it is better to accumulate evidence using CCI as well as a physiological illness severity scoring system.

We analyzed the data of hospitals with at least 300 beds; in these large hospitals, there was no significant change in the number of patients admitted to the ICU over the study period. The long-term mortality rate of ICU patients was significantly lower in larger versus smaller hospitals (31.15% vs. 39.88, respectively). Compared with large hospitals, the adjusted HR of long-term mortality in small hospitals was 1.25 (95% CI, 1.18 to 1.33). Additional analysis was performed on the characteristics of the patients according to number of hospital beds. For males, those with higher income and a CCI of 3 or greater tended to be admitted to large hospitals ([Supplementary Table 4](#SD4-acc-2018-00164){ref-type="supplementary-material"}). It is important to understand the differences in the characteristics of large hospitals and small hospitals for preparation in future ICUs to prevent unbalanced inflow to large hospitals.

In our study, the mortality rate was highest for respiratory diseases and lowest for trauma and poisoning. There was no significant change in the crude HR of mortality over the study period; however, there was a significant difference in the adjusted HR. When analyzing admission reasons, there were no temporal trends toward a reduction in mortality, except for that due to cardiovascular disease. The HR of cardiovascular disease continued to decline from 2003. The reduction in mortality rate of the overall patient population was attributed to a decrease in mortality of patients hospitalized for cardiovascular disease. To our knowledge, there have been no previous reports on temporal trends in mortality by disease type among all patients admitted to ICUs in the Republic of Korea. There are many possible reasons for the reduction in mortality rate of cardiovascular disease, such as development of superior interventions, increased awareness of acute myocardial infarction among doctors and the general public, and improved care in coronary care units in recent decades \[[@b24-acc-2018-00164]\]. We need to build a systematic database of diseases that have not shown improved survival rates over the past years, analyze the causes, and make improvements.

Our study had some limitations. First, we did not include widely used scoring systems. Second, the reason for ICU admission was based on the main diagnosis at admission, which may not always have corresponded to the actual reason for hospitalization. Despite these limitations, this study is important because it is first to analyze the characteristics and mortality rates of Korean ICU patients based on a nationally representative cohort.

From 2003 to 2010, the number of ICU admissions in the Republic of Korea increased, as did the age and disease severity of the patients. Meanwhile, the HR of long-term mortality gradually declined; in an analysis according to main diagnosis, this seemed to be due to the reduction in mortality rate of cardiovascular disease. Our research will be important in understanding the epidemiology of Korean ICU admission and preparing for change.

KEY MESSAGES
============

▪ From 2003 to 2010, patients admitted to the intensive care unit (ICU) in the Republic of Korea were older and had higher Charlson Comorbidity Index (CCI) scores.

▪ The ICU mortality was higher in males, elderly, those with a lower household income and higher CCI score.

▪ From 2003 to 2010, there was a temporal trend toward a decrease in the hazard ratio of long-term mortality in ICU admissions.
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###### 

Basic characteristics of patients admitted to the ICU from 2003 to 2010

  Variable                                           Total            2003            2004            2005            2006            2007            2008            2009            2010            β (P-value)[^a^](#tfn1-acc-2018-00164){ref-type="table-fn"}
  -------------------------------------------------- ---------------- --------------- --------------- --------------- --------------- --------------- --------------- --------------- --------------- -------------------------------------------------------------
  Total of ICU admission                             25,400 (2.31)    2,938 (0.29)    3,091 (0.30)    2,947 (0.29)    3,089 (0.31)    3,296 (0.32)    3,315 (0.33)    3,412 (0.34)    3,312 (0.33)    0.007 (0.001)
  Sex                                                                                                                                                                                                 
   Male                                              14,721 (57.96)   1,607 (54.7)    1,753 (56.71)   1,769 (60.03)   1,805 (58.43)   1,965 (59.62)   1,949 (58.79)   1,952 (57.21)   1,921 (58.00)   0.27 (0.337)
   Female                                            10,679 (42.04)   1,331 (45.3)    1,338 (43.29)   1,178 (39.97)   1,284 (41.57)   1,331 (40.38)   1,366 (41.21)   1,460 (42.79)   1,391 (42.00)   -0.27 (0.337)
  Age (yr)                                                                                                                                                                                            
   20-29                                             787 (3.10)       121 (4.12)      125 (4.04)      87 (2.95)       90 (2.91)       94 (2.85)       112 (3.38)      91 (2.67)       67 (2.02)       -0.24 (0.008)
   30-39                                             1,565 (6.16)     232 (7.90)      254 (8.22)      207 (7.02)      172 (5.57)      191 (5.79)      169 (5.10)      157 (4.60)      183 (5.53)      -0.47 (0.003)
   40-49                                             3,286 (12.94)    421 (14.33)     470 (15.21)     416 (14.12)     383 (12.40)     417 (12.65)     398 (12.01)     408 (11.96)     373 (11.26)     -0.52 (0.001)
   50-59                                             4,607 (18.14)    550 (18.72)     545 (17.63)     507 (17.20)     560 (18.13)     583 (17.69)     617 (18.61)     632 (18.52)     613 (18.51)     0.08 (0.390)
   60-69                                             6,275 (24.70)    757 (25.77)     795 (25.72)     763 (25.89)     791 (25.61)     795 (24.12)     789 (23.80)     782 (22.92)     803 (24.25)     -0.38 (0.009)
   70-79                                             5,952 (23.43)    605 (20.59)     616 (19.93)     645 (21.89)     728 (23.57)     810 (24.58)     824 (24.86)     902 (26.44)     822 (24.82)     0.85 (0.001)
    ≥80                                              2,928 (11.53)    252 (8.58)      286 (9.25)      322 (10.93)     365 (11.82)     406 (12.32)     406 (12.25)     440 (12.90)     451 (13.62)     0.69 (0.001)
  Age (yr), mean±SD                                  62.15±15.37      60.02±15.58     59.95±15.76     61.54±15.42     62.59±15.13     62.74±15.32     62.79±15.34     63.53±15.03     63.63±14.92     0.56 (0.001)
  Household income                                                                                                                                                                                    
   High                                              7,740 (30.47)    904 (30.77)     948 (30.67)     852 (28.91)     942 (30.50)     977 (29.64)     999 (30.14)     1,075 (31.51)   1,043 (31.49)   0.14 (0.329)
   Middle                                            9,674 (38.09)    1,113 (37.88)   1,243 (40.21)   1,139 (38.65)   1,208 (39.11)   1,272 (38.59)   1,256 (37.89)   1,237 (36.25)   1,206 (36.41)   -0.39 (0.043)
   Low                                               7,986 (31.44)    921 (31.35)     900 (29.12)     956 (32.44)     939 (30.40)     1,047 (31.77)   1,060 (31.98)   1,100 (32.24)   1,063 (32.10)   0.24 (0.169)
  CCI                                                                                                                                                                                                 
   0                                                 3,961 (15.59)    550 (18.72)     593 (19.18)     462 (15.68)     454 (14.70)     474 (14.38)     480 (14.48)     483 (14.16)     465 (14.04)     -0.73 (0.005)
   1                                                 6,901 (27.17)    802 (27.30)     924 (29.89)     855 (29.01)     864 (27.97)     880 (26.70)     880 (26.55)     870 (25.50)     826 (24.94)     -0.56 (0.013)
   2                                                 4,934 (19.43)    545 (18.55)     535 (17.31)     563 (19.10)     603 (19.52)     691 (20.96)     634 (19.13)     676 (19.81)     687 (20.74)     0.34 (0.040)
   ≥3                                                9,604 (37.81)    1,041 (35.43)   1,039 (33.61)   1,067 (36.21)   1,168 (37.81)   1,251 (37.96)   1,321 (39.85)   1,383 (40.53)   1,334 (40.28)   0.95 (0.001)
  Comorbidity                                                                                                                                                                                         
  Myocardial infarction                              1,825 (7.19)     212 (7.22)      220 (7.12)      218 (7.40)      267 (8.64)      241 (7.31)      247 (7.45)      221 (6.48)      199 (6.01)      -0.15 (0.226)
   Congestive heart failure                          860 (3.39)       128 (4.36)      94 (3.04)       102 (3.46)      121 (3.92)      114 (3.46)      98 (2.96)       106 (3.11)      97 (2.93)       -0.13 (0.072)
   Peripheral vascular                               449 (1.77)       53 (1.80)       58 (1.88)       58 (1.97)       46 (1.49)       67 (2.03)       53 (1.60)       67 (1.96)       47 (1.42)       0.03 (0.393)
   Cerebrovascular                                   4,349 (17.12)    489 (16.64)     513 (16.6)      567 (19.24)     529 (17.13)     553 (16.78)     540 (16.29)     544 (15.94)     614 (18.54)     0.01 (0.961)
   Dementia                                          90 (0.35)        4 (0.14)        0               5 (0.17)        18 (0.58)       13 (0.39)       8 (0.24)        23 (0.67)       19 (0.57)       0.07 (0.027)
   Chronic pulmonary                                 919 (3.62)       109 (3.71)      123 (3.98)      103 (3.50)      117 (3.79)      140 (4.25)      111 (3.35)      111 (3.25)      105 (3.17)      -0.08 (0.135)
   Rheumatology                                      45 (0.18)        5 (0.17)        12 (0.39)       3 (0.10)        5 (0.16)        3 (0.09)        7 (0.21)        5 (0.15)        5 (0.15)        -0.01 (0.416)
   Peptic ulcer                                      835 (3.29)       112 (3.81)      103 (3.33)      104 (3.53)      106 (3.43)      94 (2.85)       124 (3.74)      103 (3.02)      89 (2.69)       -0.11 (0.072)
   Mild liver                                        972 (3.83)       136 (4.63)      125 (4.04)      124 (4.21)      113 (3.66)      124 (3.76)      134 (4.04)      107 (3.14)      109 (3.29)      -0.17 (0.007)
   Diabetes without chronic complications            909 (3.58)       78 (2.65)       75 (2.43)       78 (2.65)       79 (2.56)       155 (4.70)      143 (4.31)      145 (4.25)      156 (4.71)      0.36 (0.001)
   Diabetes with chronic complications               352 (1.39)       42 (1.43)       36 (1.16)       37 (1.26)       47 (1.52)       60 (1.82)       53 (1.60)       45 (1.32)       32 (0.97)       -0.01 (0.776)
   Hemiplegia or paraplegia                          344 (1.35)       36 (1.23)       41 (1.33)       37 (1.26)       55 (1.78)       45 (1.37)       48 (1.45)       34 (1.00)       48 (1.45)       0.00 (0.987)
   Renal                                             490 (1.93)       65 (2.21)       55 (1.78)       55 (1.87)       58 (1.88)       57 (1.73)       77 (2.32)       65 (1.91)       58 (1.75)       -0.01 (0.663)
   Any malignancy, including leukemia and lymphoma   3,803 (14.97)    453 (15.42)     461 (14.91)     402 (13.64)     473 (15.31)     475 (14.41)     484 (14.60)     537 (15.74)     518 (15.64)     0.09 (0.450)
   Moderate or severe liver                          434 (1.71)       67 (2.28)       63 (2.04)       53 (1.80)       47 (1.52)       48 (1.46)       53 (1.60)       50 (1.47)       53 (1.60)       -0.09 (0.014)
   Metastasis solid tumor                            938 (3.69)       149 (5.07)      125 (4.04)      105 (3.56)      111 (3.59)      127 (3.85)      96 (2.90)       118 (3.46)      107 (3.23)      -0.20 (0.021)
   AIDS/HIV                                          7 (0.03)         0               1 (0.03)        1 (0.03)        1 (0.03)        1 (0.03)        0               2 (0.06)        1 (0.03)        0.003 (0.313)
  Hospital bed                                                                                                                                                                                        
   \>803                                             14,777 (58.18)   1,883 (64.09)   2,012 (65.09)   1,683 (57.11)   1,811 (58.63)   1,807 (54.82)   1,821 (54.93)   1,930 (56.57)   1,830 (55.25)   -1.36 (0.012)
   500-803                                           7,223 (28.44)    752 (25.60)     761 (24.62)     835 (28.33)     867 (28.07)     1,013 (30.73)   1,003 (30.26)   986 (28.90)     1,006 (30.37)   0.75 (0.012)
   300-499                                           3,400 (13.39)    303 (10.31)     318 (10.29)     429 (14.56)     411 (13.31)     476 (14.44)     491 (14.81)     496 (14.54)     476 (14.37)     0.61 (0.021)
  Emergency admission                                                                                                                                                                                 
   Emergency room                                    13,466 (53.02)   1,329 (45.23)   1,354 (43.80)   1,603 (54.39)   1,684 (54.52)   1,838 (55.76)   1,871 (56.44)   1,921 (56.30)   1,866 (56.34)   1.75 (0.011)
   Others                                            11,934 (46.98)   1,609 (54.77)   1,737 (56.20)   1,344 (45.61)   1,405 (45.48)   1,458 (44.24)   1,444 (43.56)   1,491 (43.70)   1,446 (43.66)   -1.75 (0.011)
  Admission reason                                                                                                                                                                                    
   Cardiovascular                                    10,820 (42.60)   1,182 (40.23)   1,268 (41.02)   1,292 (43.84)   1,371 (44.38)   1,413 (42.87)   1,409 (42.50)   1,449 (42.47)   1,436 (43.36)   0.28 (0.211)
   Cancer                                            4,608 (18.14)    548 (18.65)     540 (17.47)     482 (16.36)     568 (18.39)     581 (17.63)     594 (17.92)     656 (19.23)     639 (19.29)     0.20 (0.196)
   Trauma/poisoning                                  2,736 (10.77)    289 (9.84)      277 (8.96)      324 (10.99)     317 (10.26)     394 (11.95)     384 (11.58)     372 (10.90)     379 (11.44)     0.29 (0.047)
   Gastrointestinal/liver                            2,656 (10.46)    351 (11.95)     376 (12.16)     317 (10.76)     332 (10.75)     323 (9.80)      345 (10.41)     320 (9.38)      292 (8.82)      -0.45 (0.001)
   Respiratory                                       1,807 (7.11)     193 (6.57)      235 (7.60)      208 (7.06)      218 (7.06)      268 (8.13)      222 (6.70)      253 (7.42)      210 (6.34)      -0.03 (0.768)
   Infectious                                        1,039 (4.09)     126 (4.29)      131 (4.24)      136 (4.61)      106 (3.43)      110 (3.34)      141 (4.25)      148 (4.34)      141 (4.26)      -0.01 (0.894)
   Endocrinology                                     616 (2.43)       91 (3.10)       90 (2.91)       67 (2.27)       66 (2.14)       82 (2.49)       77 (2.32)       77 (2.26)       66 (1.99)       -0.12 (0.016)
   Others                                            1,118 (4.40)     158 (5.38)      174 (5.63)      121 (4.11)      111 (3.59)      125 (3.79)      143 (4.31)      137 (4.02)      149 (4.50)      -0.15 (0.172)

Values are presented as the number of ICU patients (%) unless otherwise indicated.

ICU: intensive care unit; SD: standard deviation; CCI: Charlson Comorbidity Index; AIDS/HIV: acquired immune deficiency syndrome and human immunodeficiency virus infection.

β: the slope parameter estimate of a simple linear regression of the proportion of each category on year; the P-value for the hypothesis β=0.

###### 

Annual mortality rate in the follow-up period at each admission year

  Admission year                                            Mortality (%)                 
  --------------------------------------------------------- --------------- ------------- ---------------
  2003                                                      491 (16.71)     726 (24.71)   971 (33.05)
  2004                                                      547 (17.70)     767 (24.81)   1,038 (33.58)
  2005                                                      558 (18.93)     782 (26.54)   1,056 (35.83)
  2006                                                      555 (17.97)     798 (25.83)   1,073 (34.74)
  2007                                                      555 (16.84)     807 (24.48)   1,090 (33.07)
  2008                                                      604 (18.22)     838 (25.28)   1,127 (34.00)
  2009                                                      613 (17.97)     837 (24.53)   1,123 (32.91)
  2010                                                      617 (18.63)     818 (24.70)   1,093 (33.00)
  P-value[^a^](#tfn2-acc-2018-00164){ref-type="table-fn"}   0.098           0.245         0.149

Values are presented as number (%).

Cochran-Armitage trend tests.

###### 

The crude mortality rates in the follow-up period according to each variable

  Variable                  Mortality (%)                                                     
  ------------------------- --------------- -------- --------------- -------- --------------- --------
  Total                     4,540 (17.87)            6,373 (25.09)            8,571 (33.74)   
  Sex                                       0.2226                   0.0027                   0.0001
   Male                     2,668 (18.12)            3,796 (25.79)            5,137 (34.90)   
   Female                   1,872 (17.53)            2,577 (24.13)            3,434 (32.16)   
  Age (yr)                                  0.0001                   0.0001                   0.0001
   20-29                    52 (6.61)                62 (7.88)                78 (9.91)       
   30-39                    150 (9.58)               187 (11.95)              238 (15.21)     
   40-49                    379 (11.53)              485 (14.76)              637 (19.39)     
   50-59                    589 (12.78)              790 (17.15)              1,075 (23.33)   
   60-69                    926 (14.76)              1,381 (22.01)            1,923 (30.65)   
   70-79                    1,385 (23.27)            1,983 (33.32)            2,690 (45.19)   
   ≥80                      1,059 (36.17)            1,485 (50.72)            1,930 (65.92)   
  Household income                          0.0022                   0.0001                   0.0001
   High                     1,407 (18.18)            2,002 (25.87)            2,689 (34.74)   
   Middle                   1,630 (16.85)            2,272 (23.49)            3,105 (32.10)   
   Low                      1,503 (18.82)            2,099 (26.28)            2,777 (34.77)   
  CCI                                       0.0001                   0.0001                   0.0001
   0                        440 (11.11)              550 (13.89)              692 (17.47)     
   1                        992 (14.37)              1,359 (19.69)            1,780 (25.79)   
   2                        817 (16.56)              1,128 (22.86)            1,575 (31.92)   
   ≥3                       2,291 (23.85)            3,336 (34.74)            4,524 (47.11)   
  Hospital bed                              0.0001                   0.0001                   0.0001
   \>803                    2,385 (16.14)            3,371 (22.81)            4,603 (31.15)   
   500-803                  1,410 (19.52)            1,950 (27.00)            2,612 (36.16)   
   300-499                  745 (21.91)              1,052 (30.94)            1,356 (39.88)   
  Emergency admission                       0.0001                   0.0001                   0.0001
   Emergency room           2,893 (21.48)            3,959 (29.40)            5,110 (37.95)   
   Others                   1,647 (13.80)            2,414 (20.23)            3,461 (29.00)   
  Admission reason                          0.0001                   0.0001                   0.0001
   Respiratory              616 (34.09)              812 (44.94)              1,007 (55.73)   
   Infectious               378 (36.38)              451 (43.41)              505 (48.60)     
   Cancer                   1,084 (23.52)            1,631 (35.39)            2,261 (49.07)   
   Endocrinology            90 (14.61)               145 (23.54)              218 (35.39)     
   Gastrointestinal/liver   380 (14.31)              524 (19.73)              755 (28.43)     
   Cardiovascular           1,542 (14.25)            2,197 (20.30)            2,973 (27.48)   
   Trauma/poisoning         363 (13.27)              491 (17.95)              680 (24.85)     
   Others                   87 (7.78)                122 (10.91)              172 (15.38)     

Values are presented as number (%).

CCI: Charlson Comorbidity Index.

Chi-square test.

###### 

The adjusted hazard ratios of mortality by Cox proportional hazards regression

  Variable                  Adjusted[^a^](#tfn4-acc-2018-00164){ref-type="table-fn"} HR (95% CI)                      
  ------------------------- ---------------------------------------------------------------------- ------------------ ------------------
  Admission year                                                                                                      
   2003                     1.00 (Reference)                                                       1.00 (Reference)   1.00 (Reference)
   2004                     1.07 (0.95-1.21)                                                       1.02 (0.92-1.13)   1.04 (0.95-1.14)
   2005                     1.04 (0.92-1.17)                                                       0.99 (0.89-1.09)   1.01 (0.93-1.10)
   2006                     0.95 (0.84-1.07)                                                       0.92 (0.83-1.01)   0.93 (0.85-1.01)
   2007                     0.85 (0.76-0.96)                                                       0.83 (0.75-0.92)   0.83 (0.76-0.91)
   2008                     0.94 (0.83-1.05)                                                       0.87 (0.79-0.96)   0.88 (0.80-0.95)
   2009                     0.88 (0.78-0.99)                                                       0.80 (0.72-0.88)   0.79 (0.73-0.86)
   2010                     0.94 (0.83-1.06)                                                       0.83 (0.75-0.92)   0.82 (0.76-0.90)
  Sex                                                                                                                 
   Female                   1.00 (Reference)                                                       1.00 (Reference)   1.00 (Reference)
   Male                     1.14 (1.07-1.21)                                                       1.20 (1.14-1.26)   1.24 (1.19-1.30)
  Age (yr)                                                                                                            
   20-29                    1.00 (Reference)                                                       1.00 (Reference)   1.00 (Reference)
   30-39                    1.40 (1.02-1.92)                                                       1.45 (1.09-1.94)   1.47 (1.13-1.89)
   40-49                    1.59 (1.18-2.12)                                                       1.66 (1.27-2.16)   1.71 (1.35-2.17)
   50-59                    1.65 (1.24-2.20)                                                       1.80 (1.39-2.34)   1.93 (1.53-2.44)
   60-69                    1.84 (1.38-2.44)                                                       2.24 (1.73-2.90)   2.51 (2.00-3.16)
   70-79                    2.92 (2.20-3.87)                                                       3.58 (2.77-4.63)   4.11 (3.27-5.17)
   ≥80                      4.73 (3.56-6.28)                                                       6.13 (4.74-7.94)   7.35 (5.84-9.25)
  Household income                                                                                                    
   High                     1.00 (Reference)                                                       1.00 (Reference)   1.00 (Reference)
   Middle                   1.08 (1.01-1.17)                                                       1.07 (1.01-1.14)   1.10 (1.04-1.15)
   Low                      1.20 (1.11-1.29)                                                       1.20 (1.13-1.28)   1.20 (1.14-1.27)
  CCI                                                                                                                 
   0                        1.00 (Reference)                                                       1.00 (Reference)   1.00 (Reference)
   1                        1.17 (1.04-1.31)                                                       1.24 (1.12-1.37)   1.30 (1.18-1.42)
   2                        1.23 (1.09-1.40)                                                       1.30 (1.17-1.44)   1.45 (1.32-1.59)
   ≥3                       1.76 (1.58-1.97)                                                       1.96 (1.78-2.16)   2.16 (1.98-2.36)
  Hospital bed                                                                                                        
   \>803                    1.00 (Reference)                                                       1.00 (Reference)   1.00 (Reference)
   500-803                  1.17 (1.09-1.25)                                                       1.16 (1.09-1.22)   1.14 (1.09-1.20)
   300-499                  1.26 (1.16-1.37)                                                       1.30 (1.21-1.39)   1.25 (1.18-1.33)
  Emergency admissi         n                                                                                         
   Others                   1.00 (Reference)                                                       1.00 (Reference)   1.00 (Reference)
   Emergency room           1.71 (1.60-1.82)                                                       1.67 (1.58-1.76)   1.56 (1.49-1.63)
  Admission reason                                                                                                    
   Others                   1.00 (Reference)                                                       1.00 (Reference)   1.00 (Reference)
   Cardiovascular           1.33 (1.07-1.65)                                                       1.32 (1.10-1.58)   1.27 (1.09-1.48)
   Respiratory              2.81 (2.24-3.53)                                                       2.69 (2.22-3.26)   2.56 (2.17-3.01)
   Cancer                   2.43 (1.94-3.03)                                                       2.62 (2.17-3.16)   2.68 (2.29-3.13)
   Infectious               3.89 (3.07-4.91)                                                       3.47 (2.84-4.25)   2.96 (2.49-3.52)
   Endocrinology            1.33 (0.99-1.79)                                                       1.50 (1.18-1.91)   1.66 (1.35-2.02)
   Gastrointestinal/liver   1.38 (1.09-1.74)                                                       1.34 (1.10-1.63)   1.39 (1.17-1.64)
   Trauma/poisoning         1.33 (1.05-1.68)                                                       1.28 (1.05-1.56)   1.30 (1.10-1.53)

HR: hazard ratio; CI: confidence interval; CCI: Charlson Comorbidity Index.

Adjusted for sex, age, house hold income, CCI, hospital beds, emergency admission, admission reason.
